Abstract-Background: Successful transfer of the results of research projects into practice is of great interest to all project participants. It can be assumed that different transfer mediums fulfill technology transfer (TT) with different levels of success and that they are impaired by different kinds of barriers. Objective: The goal of this study is to gain a better understanding about the different mediums used for TT in software engineering, and to identify barriers weakening the success of the application of such mediums. Method: We conducted an exploratory study implemented by a survey in the context of a German research project with a broad range of used mediums. Results: The main reported barriers were low expectations of usefulness, no awareness of existence, lack of resources, or inadequateness in terms of outdated material or being in an immature state. Conclusions: We interpreted our results as symptoms of a lack of a dissemination plan in the project. Further work will be needed to explore the implications for the transfer of research results (knowledge and techniques) to practice.
INTRODUCTION
Publicly funded research projects are instances of broader intervention programs whose expected benefits respond to the needs of particular regions or fields. Funding agencies evaluate the results and impacts of the funded projects to determine whether they reflect the initial objectives and have addressed the initial needs. In most cases, it is out of the scope of single projects to evaluate the long-term effects of the developed innovations on broad aspects corresponding to the addressed goals, e.g. the economic growth of a particular region or industrial field. However, the achievement of such goals depends on the success of the individual research projects. Thus, it is important to understand when a research project can be considered successful. In computer science, particularly in industry-related disciplines like Software Engineering (SE), the success of a project can be twofold:
(1) Producing technically sound solutions addressing the original objectives (2) Transferring the results to the academic community, to project partners, as well as to external stakeholders to foster innovation.
This paper focuses on the second part. More specifically, we want to get a first understanding about what typical barriers to the use of specific mediums for the dissemination of results are. This allows, in the long run, to further explore means to support the effective dissemination of project results. The underlying assumption is that a successful dissemination of results is very dependent on, beyond other things, the choice of proper mediums and that we can increase the success of the Technology Transfer (TT) by the choice of such mediums.
A vital part of TT is therefore the used set of transfer mediums. A transfer medium can be any kind of communication medium used for transferring information from the transferor to the transferee. In our previous work [2] we provided a classification schema [3] that allocates a set of mediums to different abstraction levels of a taxonomy of models for TT in Software Engineering [1] . Examples of mediums are wikis (which belongs to the Communication Model), personnel exchanges (People-mover Model), consultancy programs (Vendor Model). Considering the variety of mediums in aspects of abstraction, format, contents, and typical use, it is intuitive to assume that different mediums are used with different purposes and might achieve the success and effectiveness differently. In [2] , we reported that commonly used mediums are human-intensive, i.e. meetings, workshops, and similar. Considering this and the common reliance on artifact-intensive mediums as well as the role of dissemination as one of the keys for successful transfer of research results, it is of great importance to identify the barriers to the successful use of transfer mediums.
We conduct our exploration in the ambit of a large German research project, SPES-XT 1 , with a consortium of more than 20 partners from academia and industry (representing corporations key for the German automotive, automation, and avionic sector) developing modeling techniques for embedded systems [6] . Their project results were disseminated by a large variety of mediums, ranging from workshops over guidelines to a project wiki. In this paper, we extend our previous work by assessing the barriers impairing the use of mediums and the reaching of their purposes. To this end, we conducted a study on the effectiveness of project dissemination and dissemination mediums.
The reminder of the paper is organized as follows: Section II covers the design of the study with a particular focus on the instrument used. Section III explains the data analysis procedures and a classification for transfer mediums. In Sect. IV we present the analysis methodology, followed by the results of the study (Sec. V) and their discussion (Sec. VI). Finally we conclude our paper in Sect. VII.
II. STUDY DESIGN

A. Goals and research questions
The goal of our study is to elicit the barriers impairing the use of transfer mediums as well as their success.
To reach this goal, we define the following research questions (RQs).
• RQ1: What were the barriers for accessing and using mediums?
• RQ2: What were the barriers impairing the successful achievement of the purpose for using the mediums?
We decided to investigate our research questions via survey research [8] . In the following, we introduce the instrument used while details on the overall survey can be taken from our previously published material [2] , [3] .
B. Instrument Design
As mediums, we generally distinguish between artifacts, like publications, and events, e.g. workshops, due to our observations in [1] concerning the preferred usage of human intensive mediums. Exemplary mediums are website, wiki, mailing list, guidelines [9] , workshops, or summer schools. Events like workshops were broken down to their specific instances (e.g. Envision 2013 and 2014) to avoid losing valuable information (two different workshops may get different answers). To answer our research questions, we formulate subsequent questions in the instrument: The participant pre-selected a subset of used mediums in question Med01 and then received the according questions Med02-05, covering only the selected mediums. The subset of mediums presented in Med05 includes only artifacts/events with answers "Partially" or "No" in Med04. Question Med06 is answered on each unused medium (from question Med01), and question Med07 only from items answered as "Others" in Med06. Considering the results from [2] , we expect that certain, less frequently used mediums create barriers making them less attractive for potential users. To identify such barriers and further obstacles, RQ2 is refined into the questions asked in Med06 and Med07.
In brief, the answers to questions Med01-04 build the set of mediums that are evaluated in questions Med05-07, which are directly connected to the research questions RQ1 (Med06 / Med07) and RQ2 (Med05).
III. DATA ANALYSIS METHODOLOGY
We categorize both artifacts and events in three types, described in Table I and Table II . The answers of Med01 are not taken into account in the data analysis, because they only served as a filter to the following questions (see Sect. II).
Regarding the other questions, we apply Grounded Theory for all open questions and free text options, and code the answers following the procedure described in [7] .
In Med02-03, participants were asked about the purpose of using the selected mediums: the codes for the different purposes are listed and explained in Table III . Medium is used to disseminate artifacts within ones organization "Internal presentation", "needed for transfer in the praxis" Medium used for external dissemination
IV. RESULTS
A. Descriptive data
The questionnaire was online for five weeks in March and April 2015; we obtained 28 completed questionnaires, four working in academic research, 16 in industry. Eight participants did not state their affiliation. We cannot provide the respondents rate, because the survey invitations were spread via mailing lists.
Based on the answers to Med02, we observe that technical artifacts are mostly used to support developments activities. Only guidelines are mostly used for internal dissemination. Web-based artifacts are, in general, used for information retrieval. Artifacts with an academic purpose, such as publications, are used either for internal dissemination or for information retrieval. Conferences are mostly used for external dissemination, the internal dissemination activities (IDAs) are used for the dissemination among the project partners (in SPES-XT), and the project events are finally used for general information retrieval. As the data doesn't indicate any other purpose or target group, we assume that the participants themselves mainly make use of the mediums listed. Further, we observe that IDAs are used not only for internal dissemination, but also for practical development tasks. The workshops are used also for communication and not only for external dissemination.
B. Answer to research questions
In the following, we summarize our results structured according to our research questions We report the results in the following tables:
• Table IV shows the barriers to usage (RQ1), coded from Med 07.
• Table V shows the barriers for success (achievement of the purpose, RQ2)
In addition, we segment results by mediums types and purpose, in the following tables:
• 
V. DISCUSSION
Analyzing the answer to the barriers to usage (RQ1), we observe that technical and web-based artifacts, thus completely artifact-intensive mediums [2] , are often unused because of their perceived insufficiency or lack of usefulness. This implies either that the expectations on artifacts are often too high, or that produced artifacts were of insufficient quality. For web-based artifacts, the barrier "unknown" was stated recurrently: for instance, for the SPES_XT-TT blog, almost all participants stated that they had no prior knowledge about it. This indicates that the general communication of existing mediums is also an important barrier.
We observe the general tendency that most of the artifact-based mediums were defined as either incomplete or insufficient. More specifically, for the technical artifacts, the answers indicate that some of the artifacts did not meet the expected quality standards. The same applies to the web-based artifacts, where mostly relevance and update frequency were criticized. For conferences, several participants stated that the information presented was not relevant for their purposes. The answers to the artifacts with a more academic purpose and the internal dissemination activities do not indicate any major issues, but their success was not fully achieved (see RQ2).
Finally, the events were deemed as "not required" and the lack of attendance was justified with insufficient resources. Since our previous investigation [2] indicates a general preference on human-intensive mediums over artifactintensive mediums, we conclude that either the focus of the events was the actual barrier or the way the events were announced and executed.
Regarding the barriers to the successful achievement of mediums' purpose (RQ2), results indicate that the most frequently mentioned barriers, among the ones we proposed, were "too much effort required" and "not useful enough". However, many respondents selected the option "others", providing their own explanations. In general, we observe that the technical artifacts did not achieve their purpose either because they were "not relevant" to the participants or their "content was not required", or because they were "not considered mature enough". Also, a few participants stated that they had "no prior knowledge of the artifacts". The webbased artifacts were mainly not used because they were "not relevant to the participants" (an exception here is the blog on technology transfer, which was unknown to several participants, as found in RQ1 too). The academic purpose artifacts were mostly not used because they were "not required" or "not considered suitable for the intended purposes". A number of participants from industry also stated that the conferences were not suitable for them, because they were not in academia. Finally, the internal dissemination activities were usually not attended, because they were "limited to specific organizations" and other participants could not participate or did not have information about the event.
To summarize our discussion, the first lesson learned from this analysis is that participants in our research projects did not access or use a medium mainly because of low perception of usefulness, no awareness of existence and lack of resources (for events). The second lesson learned was that medium's usage did not imply achievement of its purpose, mainly for perceived irrelevance, or inadequateness in terms of outdated material or being in an immature state.
In general, we observed that dissemination activities have been not reserved the proper attention and resources, and this could endanger the successful transfer of knowledge and techniques. This translates into a pragmatic take away for our next research projects, in which a dissemination plan will be made since the beginning of the project and usage and appropriateness of the mediums will be continuously evaluated.
VI. CONLCUSION AND FUTURE WORK
In this short paper, we explored on the barriers of technology transfer mediums in a large German research project involving both academic and industry partners. Our experience revealed that the participants to the research project under study made partially use of the mediums for the transfer of research results (in terms of knowledge or techniques), with low achievement of the purpose of using them. The main reported barriers were low perception of usefulness, no awareness of existence, lack of resources, or inadequateness in terms of outdated material or being in an immature state. We interpreted these problems as symptoms of a lack of a proper dissemination plan in the project.
A threat to validity arises from the low number of respondents to the survey and the focus in only one research project, whereby this study is limited in completeness and generalizability.
In our future work, we therefore plan to conduct a larger study in successor projects of SPES_XT to understand the real implication of these findings for the transmission of the knowledge and techniques developed into practice. In such an attempt, we will look at differences between academic and industry partners as well as a segmentation of participants by roles (e.g., managers, developers, architects, researchers).
